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NATTONAT, ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

A PRESSURE~DISTRIBUTION INVESTIGATION OF A SUPERSONIC—AIRCRAFT
FUSELAGE AND CALIBRATION OF THE MACH NUMBER 1.40 NOZZLE
OF THE LANGLEY 4— BY 4-—FOOT SUPERSONIC TUNNEL

By ILowell E. Hesel and Archibald R. Sinclair
SUMMARY

Pressure—distribution tests of a supersonic—aircraft fuselage with
and without canopies (body of revolution without canopies) have been
conducted in the Iangley i— by 4—foot supersonic tunnel at a Mach number
of 1.0 and a Reynolds mumber of 2.7 X 100. These data, which were
obtained upon completion of & geries of callbration tests of the nozzle
at a Mach number of 1.40, are compared with linear and nonlinear theo—
retical results. The results of the calibration tests indicated that
the flow in the test section in the vicinity of the model 1s suffi-—
clently uniform to allow reliable data to be obtained.

For the fuselage without canopies (body of revolution) very good
agreement between the experimsntal results and the rigorous lineesr theory
was obtained through the entire angle—of-—attack range (10° maximum) over
most of the body. A comparison of the rigorous and incomplete linear
theories indlicates the importance of the radial—perturbation—velocity
term which the latter theory mneglects in determining the pressure coeffl-—
clent. It 1s also pointed out that nonlinear solutions for the pressures
on arbitrary bodles of revolution which have the sams form of solution
as the incomplete linear theory appear to be inadequate in the same
respects as the incomplete limear solutions.

INTRODUCTION

An experimental investigation has been in progress in the Langley
4— by 4-Ffoot supersonic tumnel to determine the aerodynamic character—
igtics of a large model of a asweptback—wing airplane. The test model
was selected to represent & supersonic—aircraft configuration in order
that fundamental dasta having immediete practical intersest would be
obtained. As a part of this investigation, a relatively detailled study
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of the preasure distribution over the fuselaée of thié'airplane has been
made. The first series of these tests has been made at a Mach number
of 1.59 and the results have been presented in reference 1.

Thils paper presents the results of a gimilar investigation at a
Mech number of 1.40 and a Reynolds number of 2.7 X 106, and may be
regarded ag an extension at another Mach number of the tests presented
and dlscusesed in reference 1. The experimental presgsure distributions
obtained on the fuselage with and without canopies are presented. In
addition, the results obtained from the fuselage without canopies are
compared with linear and nonlinear thecretical results. Calibration

data of the test—section flow at Mach number 1.40 have also been included

to serve as g reference for future reports.

SYMBOLS

Free—gtream conditions:

mags density of air . -
v alrspeed ' ' — o -
8 gpeed of sound in air f -
M Mach number (V/a)
q dynemic pressure (%pV%)
P gtatic pressure . i i
Local model conditions:
u exisl perturbation velocity
v radial perturbation velocity : — T
Fuselage geomstry:

4 angle of attack of fuselage center line measured in the plane
of symmetry of the airplane i - -

g fuselage polar angle measured in a plane_perpendicular to the
longitudinal axis, degrees (0° at bottom of fuselage, see
fig. 8) : o '

il

il
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Alr—gtream geometry:

g - angle between tunnel center line and flow direction measured
in a horizontal plane, positive to right when viewed looking
upstream (see fig. 1)

6y angle between tummel center line and flow direction msasured
in a verticel plane, positive for upflow (see fig. 1)

Pressure data:

P, local statlc pressure
P pressure coefficient (%1J24%>
q
LANGLEY 4— BY 4—FOOT SUPERSONIC TUNNEL .

General Description

The Lengley 4— by 4—Ffoot supersonic tunnel is & closed—throat,
single—return wind tunnel (see fig. 1, reference 1) driven by an axial~
flow compressor. The tunnel has been designed for a nominal Mach number
range from 1.2 to 2.2 and is temporarily powered by a 6000-harsepower
electric—drive system. With the present power, the stagnation pressure
is limited to approximately 0.3 atmosphere. The tunnel has a rectangular
nozzle and teat section comsisting of two fixed parallel side walls and
two horizontal flexible nozzle walls. The slde walls and nozzle walls
are 25 feet long and are continuous from a point 66 inches upstream of
the throat to the end of the test section (fig. 1). For the Mach number
1.40 nozzle, the test section has & width of 4.5 feet, a height of
4.4 feet, and a length of uniform-flow region along the wall of approxi-—
mately T feet.

The supersonic nozzle and test section are formed by deflecting the
horizontael flexible walls agalnst a series of fixed interchangeable
templates which have besen desligned to glive a wall shape producing uniform
flow in the test section. For this series of tests, temporary mild—steel
nozzle plates were used in place of the permsnent set of machined and
polished stalnless—sateel plates. These temporary plates contaln some
small perlodic waves.
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Aerodymnamic Design

The flexible-wall mection of the tunnel extends from station O to
300 (mee fig. 1) and includes the subsonic entrance section, supersonic
nozzle, and test section. The subsonic entrance section extends from

stations O to 66 snd was designed to maintain a fair wall contour between

the settling chamber and the firet minimum section. Since, as is custom—
ary in supergonlic-nozzle deslign, it was asdiimed that the flow was uniform
at the first minimum, a region of very slowly changing cross section
extending from station 66 to 84 was designed to help produce the desired
uniform flow. The ordinates in this section were increased by an amoiifit
intentionally insufficlent to allow for full growth of the displacement
thickness of the boundery layer so that choking should occur at atation 84
although the geometric first minimum occurred at station 66.

The M = 1.40 supersonic-nozzle sectiom was designed by the method
of characteristics. In this particular application, a smoothly varying
.velocity distribution was assumed to exist along the center line of the
nozzle from the first minimum to the beginning of the .test section. The
characteristic net corresponding to this velbcity distribution was then
eatablished so that the wall contour required to produce uniform flow in
the test section could be determined. The boundary-layer displacement
thickness on the flexible wall was computed by the method given in .
reference 2, It was assumed that the same thickness existed on the side

walls, and the combined effect of both boundary layers was then arbitrarily

applied to the thedretical nozzle ordinates to satisfy the one-dimensional
continuity relationship.

Test—Section Calibration

Prior to any model testing in the M = 1.40 nozzle, static pressures
were measured along the center line of both top and bottom flexible
walls, and transverse stream surveys were made at one station (see fig. l)
in the test sectlon to determine varilations of the horizontal and vertical
flow angless static pressure, and Mach number. The limits of the oper—

ating dew point required to avoid serious condensation effects were also )

established.

Apparatus.— Ten cruciform probes and ten pitot—static tubes similar
to those shown in figure 2 and described in references 1 and 3 were used
to determine flow angles and stream pressures, respectlvely, during the
transverge survey.

Test procedurs.— All test—section surveys were made far the
following stagnation conditions:
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Progsure, atmosphere « o & ¢ o « ¢ o+ o o o s o o o o 4 s o o o 0.25
DGW Point, OF s o e s ¢ e & e & & & ¢ ®© & & © 5 & s o s o o _15 to —)"‘O
Tomperatur'es CF « v o o ¢ o « o o o o o o « o o o o o o« o o o 110

In an Initial series of tests, the static—pressure distribution along

the flexible walls was mesasured by means of surface crifices. The
indicated Mach number distributions on the flexlible walls were calculated
from the ratio of the measured static pressure to the measured stagna-—
tion pressure in the settling chamber. At the completion of the wall
statlc—pressure surveys, a transverse survey reke was installed at sta-—
tion 241 (fig. 1) to measure the horizontal and vertical flow angles

and free—stream pressures. The survey rake was desligned to support ten
survey instruments, five 1n each of two vertical planes. Xach vertical
plane traversed half the tunnel width. The variatlion of stream angles
with position and dew point was measured with ten cruciform probes
installed on the survey rake. An identical series of tests was con—
ducted with the pitot—static tubes mounted on the rake to determine
free-—stream pregsures. This procedurs was followed because 1t was found L
from previous tests (reference 1) that, although the cruciform probes
indicated the carrsct flow angles, the indicated static pressures were
too high. Data were obtained simultanecusly at 2—inch transverse incre—

mentg at O, hg, and 9E-inches above and below the tummnel horizontal

center line.

Flow—angle variations were obtalned from the eruclform—probe data
by means of supersonic shock and expanslion theory. The absolute angle
of each probe surface in the vicinity of the orifice was measured by an
optical method either prior to or after each test. These measurements
were then used with the experimental angle varlations to determine thse .
absolute horlzontal and verticel flow angles. The assumption made here _ L
that the probes dld not deflect during.the surveys is considered Justi—
fled because of the small aerodynamic loads which were present and of
the high rigidity of the support strut. The free—stream static pressure
was obtained directly from the pitot—static—tube data and the Mach number
was computed from the ratic of the total pressure behind the normal shock
to the free—streem static pressure indicated by the pitot—static tubes.

Accuracy of data.— The following probable errors were estimated for
the transverse survey data:

Flow—angle variation, 6y and 6pg, degrees . « + « « « o « « o » *0.02
Absolute flow angle, 8y and, 6p, 4Ogrees . « « « « o ¢ & o « o +0.07
Mach number varlation ¢« « o o« « o« ¢ o o o o o o o o « o« o « o « 0,002
Mach number, absolute VAIUS « v o« ¢« o « o ¢ o o 2 s ¢ o s« s « o« *0,01

had o acrial 218
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Regults and discugsioﬁ.—-Representative déta pregented in figure 3
show the effects of dew point on the indicated wall Mach number at

several stations in the test section. -In contrast to the noticeable
effects of condensation which were found in the test section of the

= 1.59 nozzle (fig. 4, reference 1), there appears to be no measurable
effect of condensation in the test section at :M = 1.40 for the range
of dew polnts investigated. It should be noted that theme indicated
Mach numbers were computed on the assumption of isentropic flow through
the nozzle. Subsequent free—etream survey data indicated & nearly con—
stant average loss of 0.2 percent of the stagnation pressure in the test
section for this range of dew points. The resultant corrections would
decrease the indicated wall Mach numbers by only 0.00L. On the bagis of
these tests, the remainder of stream surveys were conducted at a dew
point of —25° F.

The indicated Mach number distributions measured on the center lins
of the upper and lower nozzle walls at a dew pdint of ~25° F are shown
in figure 4. The thecretical Mach number distribution obtained from the
two—dimensional chearacteristics method 1s alsc shown for comparison.
The agreement la good, although the indicated Mach number in the expanding
nozzle gection is somewhat lower than predicted by the theory. A small
agymmstry in the indicated Mach number exists between the upper and
lower walls. This asymmetry is probably caused by local “irregularities
in the temporary mild-gteel flexible walls; hdﬁever, these differences
are small and do not appear to affect the flow significantly. The
indicated Mach numbers on the test—section walls appe&ar 1n general to
bracket the design Mach number of 1.40. -

The results of the transverse pressure survey are presented in
figures 5(a), 5(b), and 5(c), which show the variation of the horizontal
flow angle, 6y, vertical flow angle, 6y, and Mach number, respectively,
with position in the transverse -plane at station 241. The ability to
repeat deta on two meparate runs is indicated by the two sets of symbols.
The talled syubols in figure 5(a) refer to data for which the optically
measured angle, a constant in this range, appears to be in error. Con—
sequently, these data have been shifted vertically (—0.210) to agree

with the data obtained from snother probe at the common point, (station 0).

The variation of @y in figure 5(b) is large, but since the region of
meximum variation is outside the normal test region for models, the
aerodynamic data from model tests in thig stream should hot be signifi-
cantly affected. Schlieren photographs of the test—gection flow have
been made with the schlieren system adjusted for maximum sensitivity and
are shown as a composite in figure 6(b). To facilitate identification

of window strise, & sgimilar set of photographs made with the tunnel
gtopped are shown in figure 6(a). A comparison of the original negatives
of figures 6(&) and 6(b) indicated that only one set of weak disturbances
was detectable. The location of these shocks in figure 6(b) is indicated
by the arrows. o . ' : '

e \gfids o=

40

)



NACA RM L50Blka

The following table surmarizes the flow variatlons in the region

extending 4 inches on either side and 9% inches sbove and below the

tunnel center line.

6 (pitch plane of model), degrees . « « « « « « « « » —0.25 to 0.05
GV (yaw plane Of mOd'el) 3 degr‘ees - . . e e . . 3 . . . _o . 23 to 0 . 33
M L] [ ] L L] - L] * [ ] [ ] L] L] L a . . L] . L] L] L L] L] - L] L] - - l - 385 to l - lLJ-5

During the calibration of the M = 1.40 temporary nozzle, no
surveys vwere made along the longitudinal center line. The Mach number
and flow-angle variations in the region of the model inatallation
(stations 235 to 265) were, therefore, computed from the transverse
survey data and are shown in figure 7. The validity of these computa—
tions 1s discussed in reference 1 where the agreemsnt between the com—
puted and measured axlal veariations is good. The variation of flow
angle in the vicinity of the fuselage is in general good except near the
rear of the body. The maximum veriation of 6g from stations 235 to

265 is —0.24° to 0.19° and of 6y from stations 231.% to 250.6 is

0.27° to —0.11°. The Mach number variation is 1.395 to 1.207. On the
bagis of these calculatlons and the transverse survey data, the test
Mach number is considered to be 1.40. The flow in the test mection 1s
not =so uniform as would be ultimately desired. It is believed, however,
that the varilations present in the vicinity of the model will not unduly
effect the proposed tests and that the flow is sultable for aerodynamic
testing. The temporary nature of this nozzle did not warrant any exten—
give attempts to i1mprove the flow characteristicse in the test section.

MODEL AND INSTALLATION

The test model was constructed from steel to coordinates presented
in table I and is shown in figure 8. Thig is the same model used for
the tests reported in reference 1. The basic model (without canopies)
is a body of revolution having an over—all length of 30.267 inches and
a fineness ratio of 9.4. The top and bottom canoples are removable so
that the fuselage can be tested as a body of revolution. The rear part
of the fuselage is integral with the supporting sting which had a 3°
cone angle beginning at the rear of the model. The pressure orifices
wore located at varilous radiel positions at nine baslc stations of the
model es shown in figure 8. In addition, one comprehensive longitudinal
row of orifices was located along the upper surface (f = 180°) of the
basic body (no canoples). For the fuselage with canopies installed, the
orifices located at approximately 150° were relocated at the canopy
Juncture. The pressures were photographicelly recorded from multiple—
tube manomsters f£illed with Alkazene 42 (x—dibromoethylbenzene). This
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mancmeter fluild, having a speciflc gravity of -approximately 1.75, was
found particularly sulted for these tests because of 1ts extremely low
vapor pressure and low viscoslty.

The installation of the body of revolution in the tummel 1s shown
in figure 9. A scale drawing of the ingtallation showing principal
dimensions is presented in figure 10. The angle of attack was varied
in a horizontal plane through fixed increments by rotating the model
gbout the 59~percent position of the fuselage.:

TESTS, CORRECTIONS, AND ACCURACY

Tests

The.basic pressure data were obtained for the fuselage as a body
of revolution and with canopies for an angle—of—ettack range from —5°
to 10° at a Mach number of 1.40 and a Reynolds ‘number of 2.7 X 106 based
on the fuselage length. This Reynolds number &nd Mach number condition
corresponds to full-scale gimllarity at an altitude of approximately
110,000 feet. The amerodynamic data were obtained at tunnel stagnetion
conditions of: pressure, 0.25 atmosphere; temperature, 110° F; and dew
point, —25° F. o o =

Corrections and Accursacy

Since the magnitude of the flow ‘angle, Mach number, and pressure-—
coefficient gradients are in general small in the vicinity of the model,
no corrections have been applied to the data. The varlation of the test
conditions and accuracy of the data asre egtimafed to be as follows:

Mach number L ] L] L2 L] e L ] L] * L ] L] L[] L] . - L ] L] . . * - L] - : » . -m L] ol
Anéle of attack, degrees: . : e
Goeometric measurement (probeble errar) . « v o « o o & o & +0,02
0.24
Flw i it L] L] L] . L] . L . L] L] - L] L) * . * L]
rregularity (6p) _ —0.19

Angle of yaw, degrees:

Flow irre aI'it L] L] L] L L] L] . L] L] .‘ L] L] L] . 7 L] L] 0-27
gularity (6y) | ] o1
Abgolute pressure coefficient . . . . . . . .7 . . . . T . . +0.012

Vearlation of radial presgure coefficient . « & ¢ o o o o o o +0,005
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PRESENTATTION OF RESULTS

The basic data obtained from the tests of the body of revolution
and complete fuselage are presented in figures 11 and 12, respectlively.
The pressure coefficient, P, is plotted against the radial angle, §, for
nine stations slong the body. The fact that the radlal data at some of
the stations are Ilncomplete 1s due to plugged orifices and tubes. Two
sets of data were recorded comnsecutively for each model position. How-—
ever, in general, only one set has been plotted. The plotted data are
tabulated in tebles IT and IV and the supplementary data including data
for other angles of attack are tabulated in tables IIT and V. Figure 11
algo includes representative theoretical curves for six axial gtations
and for angles of attack of —50, 09, and 1o°. The theoretical results
have been omitted at stations 46.2 and 73.1 because the orifices at
these gtations were located in a region where the change in body slope
1s discontinuous and the exact slope 1s not known. The theoretical
results have been omitted at station 93.5 because of sting interference
effectas on the experimental results. In calculating the theorstical
curves, the linearized theory has been used in rigorous form (see section
entitled "Discussion").

The sams bagic data for the body of revolution are replotted in
figure 13 as a function of a cos ¢, a parameter which as been commonly
used 1n both linear and nonlinear theoretical methods. In this figure
results for both the rigorous and incomplete linear theory ars also pre—
sented in order to establish the exact magnltudes of the discrepancies
between both theoretical results. In sddition, in figure 13, the non—
linear thearetical results are presented for station 5.6, which is on
the conical nose section of the body, for OC angle of attack as obtained
from reference 4 and for angles of attack as obtained from reference 5.

The axial pressure distribution along the body for @ = 180° and
o° angle of attack is presented in figure 14 for comparison with the
results of both the rigorous and incomplete linesr solutions. In addi-—
tion, the nonlinear theoretical solution obtalned by the method of
characteristics (see, for example, reference 6) 1s also presented in
figure 14. In this application of the method of characteristics the
effects of shock curvature have been neglected since, as pointed out in
reference 1, it is estimated that these effects are small. Figure 15
presents a comparison of the axial pressure distribution at @ = 180°
with the rigorous linear theory for several angles of attack.

In figure 16, the pressures measured over the top canopy (§ = 1800°)
for 0° angle of attack are compared with the results of two approxims—
tions (discussed in reference 1) for estimating the pressures. The
pregsure distribution over the canopy at several angles of attack is
plotted in figure 17. The data presented in figures 14 and 15, 16 and 17
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are tabulated 1n tables VI and VIII, respectively. Similar supplementary ' -
data, together with data for other angles of attack, are given in tables VII
and IX, _

DISCUSSION

Congiderable effort has been directed towards unifying the results
of the linesr theory as applled to bodles of revolution and towards
establishing these results rigorously conslstent with the assumptions of
the linearization. Lighthill, in reference 7T, presents the linearized
form of the pressure coefficilent as:

pez o @

In investigating the flow about inclined bodies of revolution, H. J. Allen
of the Ames feronautical Laboratory has recently applied equation (1) to _
obtain a solutlon of the form: T T

P, = P'azo + AP* acos P+ (1L -4 sin2¢)a2 . (2) N

where P'a:O is the zero—engle—of—attack solution. Hence, in order to

compare the experimental results of the present investigation with theory,
the linearilzed pressure coefficient was obtained from equation (2) with
the term P'.-o ovaluated consistent with equation (). Im determining

P' =g @&nd AP', the step process of Von Kérmén and Moore (refersnce 8)

was used for 0° angle of attack, and of Tsien (reference 9) for angle of
attack. 8ince in the past the pressure coeffigient has been commonly
determined with the omission of the term (v/V) in equation (1) and
consequently with the cmission of (1 — 4 sin®@)a? 1n equation (2), the
magnitude and influence of these two terms will be comsidered in the

. results presented in figures 13 and 14. In figure 13, the pressure data
have been plotted againgt the paramster « cos;¢ which has been signifi-—
cant in both the incomplete linear solution and the nonlineasr solution
for small anglee of attack (reference 6). The large discrepancles between -
the rigorous linear theory and the incomplete linear theory (a single

curve applying for all angles of attack) shown in figure 13 clearly

indicate the importance of the omitted terms.




NACA RM 150Bllie 11

In consldering the gsneral nonlinear theoretical solution for
bodies of revolutién at small yaw, the pressure coefficient has the form:

P=P, o+ AP acos p (3)

where Py=qg 1is the theoretical nonlinear pressure coefficient at 0°

angle of attack end AP depends upon the body geometry, free—stream
Mach number, and shock curvature. If the effects of shock curvature are
negllgible, then AP 1s independent of the angle of attack and the non—
linear solution, equation (3), has the identical form as the incomplete
linear solution. If shock curvature effects are not negligible, then
the form remains the same with, however, AP becoming a function of the
angle of attack. Hence, if equation (3) were applied to the cylindrical
portion of a body of revolution at large distances from the nose, then
AP would tend to vanish and the pressure would be a constant lndependent
of the radial position. However, from a physical congideratlion, the
incompressible distribution about a circular cylinder would be expected
for emall angies of attack if the rotation in the flow is vanishingly
smell. Such & result is glven by the rigorous linear thsory (equa—
tion (2)). It, therefore, appears that an angle—of—attack term of the
order of a?, which 1s of the same order as the term APa, has been
omitted from the general nonlinear solution presented by equation (3).
The lmportance of this term in affecting the pressure—distribution pre—
dictlon can be seen from the curved nature of the experimental data when
plotted against o cos @ (fig. 13).

A general comparison of the experimental and rigorous linear theo-
retical results (fig. 11) indicates, with the possible exception of the
first station, very good agreement for all angles of attack as far back
ag station 84.3 (last station available for comparison). At the first
station, 5.6, the primary discrepancy occurs in predicting the zero—
angle—of-attack value since the theoretical veriations accurately agree
with the experimental radlial variations. Thls discrepancy for the cone
value is somewhat more evident from the zero—engle—of-attack data of
figure 13. By coincidence, the incomplete solutlion agrees much more
closely with the characteristic solution then the rigorous linear
gsolution.

The importance of using the rigorous solutlon becomes readlily
apparent from an exeminatlion of flgure 13. In this comparison, as pre—
viously pointed out, the incomplete linear solution is represented by a
single curve. It becomes immedlately apparent that a straight line will
not predict the general nature of the experimental curves and that the
rigorous linear theory in general excellently predicts both the magni—
tude and shape of the experimental curves as far back as the limit of
comparison of the present tests. In comparing the nonlinear solution
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for the yawed cone (references 4 and 5) at station 5.6, it can be seen
that the theory gives a very good prediction for small angles of attack
but becomes progressively worse as the angle increases. It appears,
then, that the come solution is restricted to angles of yaw which are
small compared to the cone angle. S S -
The axial pressure distributions at @ = 180° presented in fig—
ures 14 and 15 are typical of the agreement between theg experimental
and rigorous—linear—theory results at any radlal station (see fig. 11).
Figure 14 shows the relative importance of the (v/V)2 term in determining
the pressure dlstribution at O° angle of attack. Since over most of the
body the magnitude of this term ie small, both the rigorous and incom—
Plete solutions are essentially the same over more than half the body.
The maximum discrepancy occurs in the vicinity of the n¢se, as previously
noted, where the perturbations are large. Over the rear 10 percent of
the body, the effects of ‘boundary—layer separation caused or aided by
sting interference prevent the rapid expansion predicted by theory. As
can be geen from figure 15, the agreement between the theory and experi-—
mentel results is good even at high angles of. attack.

It should be pointed out that the use of the rigorous linear theory
in predicting the 1ift or moment characteristics of bodies of revolution
will give the same results as the use of the incomplete theory since the
integrated effects of the af term are exactly zero.

The effects of the canoples on the fuselage pressure distribution
can be seen by camparing figures 11 and 12. It appears that the sghock
from the top canopy crosses station 10.9 in the region of § = 90°
gince the pressures at @ = 60° at this station are the same for the
fuselage with and without canopies. (The differences in the distribu~—
tions at station 5.6 for the two configurations is considered to be an
experimental error of an undetermined origin.) At station 22.0 and
farther rearwerd, the canopy effects are noticeable over the entire
body. The pressure distributions on the top canopy at @ = 180° are
shown in figures 16 and 17, and indicate the expected trends. After
the initial compression and expansion on the front of the canopy, the
Pressures approach zero. The results of the approximations (fig. 16)
were obtained by methods described in reference 1 and are reviewed
briefly here. The first method mekes the assumption that the canopy
extends completely around the body of revolution and computes the
resultant pressure distribution by means of the rigorous linear theory.
Similarly, the second method assumes that the ‘canopy windshield is =
cone whose axis is an elemsnt of the conical nose section of the fuselage
and that the Mach number ahead of the cone 1s the seame as that on the
surface of the fuselage nose section. It is realized that these assump—
tions are crude. However, a combination of the two methods does glve a
reasonable estimate of the pressures to be expected on the canopy.
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CONCLUSIONS

Pressure-dlstribution tests of a supersonic—eircraft fuselage with
and without canopies have been conducted in the Lengley i— by 4—Foot
supersanic tunnel at a Mach number of 1.40 and a Reynolds number of
2,7 X 106. These data, which were obtained upon completion of a series
of calibration tests of the M = 1.40 nozzle, are compared with linear
and nonlinear theoreticel results. The followlng conclusions are indl-—
cated from the calibration and pressure—distribution tests:

1. The test-section flow in the vicinity of the model is considered
gsufficiently uniform to be suitable for aserodynemic testing.

2. A general comparlson of the experimental pressure dlstributions
with rigarous lineer theory indlcates, with the possible exception of
the nose cone, very good agreement between the expsrimental and theo—
retical pressures for the test angle—of-attack range (~5° to 10°) up to
the last station (84.3 percent of fuselage length) at which complete
experimental data were availsble. The discrepancy at the nose is
limited to the prediction of the pressure coefficient at zero angle of
attack.

3. A comparison of the rigorous and the incomplete linear thsory
wlith experimental data clearly indicates the importance of the radial
perturbation velocity which is neglected in the incomplete theory.

L, Nonlineer solutions for the pressures about arbitrary bodies of
revolution which have the same form of soclution as the incomplete linear
theory appear to be lnadequate In the same respects as the lncomplete
linear solutions.

Langley Aeronautlical Laboratory
National Advisory Committee for Aeronautics
Langley Alr Force Base, Va. ’



h -y, . i
14 - h}.m‘ . NACA RM L50Blla

REFERENCES

1. Cooper, Morton, Smith, Norman F., and Kainer, Julian H.: A Pressure—
Digtribution Investigation of a Supersonic Alrcraft Fuselage and
Calibration of the Mach Number 1.59 Nozzle of the Langley 4— by
h-Foot Supersonic Tummel. NACA RM LOE27a, 1949.

2. Tetervin, Neal: Approximate Formulas for, the Computation of Turbulent
Boundary-Layer Momentum Thicknesses in Compressible Flows. NACA
ACR L6A22, 1946. -

3. Hasel, Lowell E., and Coletti, Donald E.: Investigation of Two Pitot—
Static Tubes at Supersonic Speeds. NACA RM 18102, 1948.

k, staff of the .Computing Section, Cemter of. Analysis (Under Direction
of ZdenSk Kopal): Tables of Supersonic Flow around Cones. Tech.
Rep. No. 1, M.I.T., 1947. _ - ‘

5. Staff of the Computing Section, Center of Analysis (Under Direction
of Zdendk Kopal): Tables of Supersonic Flow around Yawing Cones.
Tech. Rep. No. 3, M.I.T., 1947 '

6. Ferri, Antonio: Application of the Method. of Characteristics to
Supersonic Rotational Flow. NACA Rep. 841, 1946.

7. Lighthill, M. J.: Methodg for Predicting Phenomena ir the High—
Speed Flow of Gases. Jour. Aero. Sci., vol. 16 no. 2, Feb. 1949,
pPp. 69-83.

8. Von Kﬁ%méh, Theodor, and Moore, Norton B.: Resistance of Slender
Bodies Moving with Supersonic Velocitles, with Special Reference
to Projectiles. Trans. A.S.M. E., vol. 54, no. 23, Dec. 15, 1932,
Pp. 303-310. -

9. Tsien, Hsue—Shen: Bupersonic Flow over an Inclined Body of Revolu—
tion. dJour. Aero. Sci., vol. 5, no. 12, Oct. 1938, pp. 480-483.

Y 7 ¥ :



TABIE XI.— FUSELAGE AND CARQPY MODEI, COORDINATES

X0l

g

[Qam #40 R
WSS Line Uy
Streamline body Top canopy
. (in.)
Radlus Btation 2.964 Station h.262 Statian 5.128 Station §.560 Btations 13.952 to £2.020
0 (4] I x ¥ x y x y x ¥
8.1 638 0 0.8672 -| © 1432 o 1.8k o 2.030 0 2.032
3.396 852 J26  LBoO 132 1.408 132 L.T9% 132 . 2,016 266 1.964
k262 | 1.030 L2148 LTee 266 1.320 66 1.736 266 1.968 .392 1.864
=134 1 1.17h oo 1,180 L00 1,626 Jh0o0 1.8 532 1.68)
5. 1.252 .5Th . 532 1.k2h .532 1.7 .b12 1.482
6.328 | 1.290 68k .986 598 1.596
L. 1.517 .666  1.376
12.172 | 1.532 .T20  1.066
13. 1.606 .
. 1.606 .
1.549 | Station 23.37% | Btation 23.644 | Station 24.310 | Station 24.976 | Station 25.308 | Station 25,782
1.538 x ¥ x Yy x ¥ x Y x ¥ x ¥
1.510 | O 2,032 | 0 2.027 | 0 2,010 | 0 2.002 | 0 1.977 | o '1.920
1.8 256  1.964 246 1.96k .352  1.86L .32 1.B64 .30k 1834 -188  1.86L
1.468 .378  1.864 370 1.864 A60 1,664 416 1,664 .388  1.664 .320 1.66L
1.448 503 1.664 91 1.66h4 500 1482 A4k 1482 Lo 1,480 34 L.482
1.&23856 ST0 1440 556 1.436 505 1.h2h AT by Los 1411 .35 1l.hoh
ll '
1.350
1.186 Bottom canopy
500 (t2.)
Station %5.594 Btation 8.892 Statione 12.172 to 22.158 Station 2L.310 8tation 26.640
X ¥y I ¥y x ¥ x y ¥y
0 1,398 0 1.788 o 2,080 0 1.878 1.510
066 1.392 066 L.T84 066 2.080 132  1.854 132 1.h04
J32 1.372 .132 1,768 .132 2.076 266  L.TT6 L£66 1.416
198 1.338 98 1.736 .158 2.068 kWO  1.58% .308 1.372
266 1.282 266 1.688 266 2,028 boo  1.ke2B
.306 1.232 £33 1.61% .33% 1.954
" Joo 1 ume 400 1.824
L6232 1.316 466 1.68%
550 1.508

BRTHOST WY VOVN

R,

€1
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TABLE II.— PRESSURE—CCEFFICIENT DATA PRESENTED IN FIGURE 1l FOR

THE FUSELAGE AS A BODY OF REVOLUTION

NACA RM L50Blka

Angle of attack

Station Radial (deg)
{percent) ilo,

g -5 0 2 3 6 8 10
5.6 0 0.170 0.236 0.272 0.305 | 0.345 0.386 0.431
60 204 244 256 .259 .265 .268 267
90 .248 .250 - .227 .215 .196 175
120 .286 2ho .220 .19k A7k .148 .119
180 .330 242 .208 .180 .158 .136 .119
10.9 o} .103 .166 .196 .227 .265 .306 .346
60 .119 164 .181 .188 .200 204 .206
90 151 .164 .165 .156 1k6 .128 .106
120 .194 162 149 .128 .108 .080 .050
180 .230 152 .125 1ok .084 . 064 .ok2
22.0 o} —.110 —.081 —. 062 -0k | —,0L9 004 031
60 -1k —.077 —. 069 —.068 | —.063 —s 065 —-.073
120 —.065 -.077 | —.085 —.0%% | ~117 -137 ~.165
147 —. 045 ~. 077 —-.091 -108 | =117 -.127 —.145
180 ~.031 -.079 —.093 —.106 | ~.113 -.119 -.125
34.6 o} —. 029 —.026 —.018 —.Qa13 .00k .02k 043
60 ~. 045 -, 02h - 022 —.028 | —.033 —. Olily -.059
90 —.045 —. 024 —.026 —.036 | —.049 - 071 -.107
120 —.033 —.026 —.026 —.036 | —.047 —. 069 -.103
153 —.011 —.028 —.030 —.034 | ~.039 -.040 —.035
180 —.001 —-.022 —.028 —.030 { ~.027 —. 020 -.OLT
k6.2 0 —. 061 -.056 —.050 -0kl | ~.031 -, 018 —.007
90 —.082 -~. 058 —.062 -~ 076 | —.093 - 119 -.151
120 —. 067 —.050 —.060 ~.070 | =~.07T5 - 095 —.123
180 ~.027 —.Ch6 -. 046 —-.050 | —.051 — —~. 047
59.7 o] —. 021 —. 028 —. 026 -~.028 | -.019 - 012 —.005
90 -~.0h1 ~.020 —.022 -032 | ~049 | —.075 -~ 099
120 -.035 —.018 —.020 | —-.032 | —.049 - -.075
158 —.019 ~.022 —.020 -.022 | =007 -, 018 —.035
180 —.011 —.022 - —.018 | —.011 — —~.003
73.1 (o} —.059 —.050 —.063 —.066 | =.059 —. 05 —.Ob7
60 —~a 061 —.058 — ~.068 | —.075 —.087 —.109
S0 -.081 | —058 | —.062 | —076 | —.085 | =105 | -.133
120 - 077 -.058 —.058 - 070 | —.069 -, 081 -.105

158

180 —.0k9 —-.058 — —-.058 | —.047 —. 046 —.0h9
84.3 0 —.021 —. 048 -, 048 —.054 | —.053 —.050 ~ 045
60 —.045 —.0h6 —. 046 —.058 | —.069 -.085 -.105
90 —. 069 —.0h6 —. 048 —.060 { —.0TL —. 089 —.105
120 —.065 - 046 —.0k6 —.046 | —.045 —.063 —.089
93.5 120 -.156 —061 | —.077 —13L { =127 -7 | —.165
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TABIE IIT.— SUPPFLEMENTARY PRESSURE-CCEFFICIENT DATA FOR
THE FUSELAGE AS A BODY OF HEVOLUTION
Angle of attack
Station | Radial {deg)
(percent) a.ugle,
-5 =3 -3 -2 -2 0 2 L 6 8 10
5.6 0 0.170] 0.195 | 0.191| 0.208 | 0.210] 0.238} 0.272 | 0.305 | 0.346| 0.386 | 0.430
60 20| 229} .219| .228| .230| .2hh4| .256| 262 .266| .268| .268
90 2471 250 .2ug| Losh| 256 .o50) Johhk| L2301 27| Q96| 176
120 2851 .266| .267]| .e60| .262( .2k2} .224%| .19% | .A75| .d48| .120
180 .33 .262{ .290] .278 err| .2k2] .208{ .182| .159] .138| .1l16
10.9 0 Johk | 123} 124 139 .1ko| .166} .198] .230] .266| .306| .3&7
60 1201 139 .1k0 1k9| .i50{ .16%} .181} .190| .199] .204}| .207
90 A521 1591 .159 162) .166}1 .64} .167] .155| .ibk7| .128!¢ .1l07
120 g2t 181t .am9{ .18 .78t .262) g 127 | .109| .080)] (051
180 231} 197 .195 186 .182}) .150| .125} .103| .085| .066| .o4T
22.0 0 —~111 | —103 | —.102| —.093 | —.092 | —.081 ) —.062 | —.Okk | -.0318| .006]| .032
60 —.107 | —.09T | —.09% | —.089 | —.086 | —.OTT | —. 069 § —.06T7 | —. —.063 | —-.070
120 —.065 | —.0o71 | —.070 | —.0T3| —.070 | —.OTT | —.085 | ~.10L |—.118| —. 137 | —.162
147 —.04%3 ] —.06L | —.062 | =069 | — —.079{ ~-.001 { —.107 | —.118 | —.127 | —. 142
180 —.029 | —.053 | =052 | ~.06L{ —.060 | —. —-093{-.103 | -.112 | —. 117 { —.130
3%4.6 ) —.029 | —,030}{—,031| —.029| —.025} ~.024 | —.018}—.012 | .00k} .02k| .ok
60 —. 041 | —.034 { —.035 | —.029 | —.027 | —.024 | —.022 | —.028 | —. 03k [ —. Okt | —.056
9 [ —.o43|~.032}|—.033|—.027|-.025} —.024 | —.026 | —.036 |-.050 | —.OTL | —.106
120 —.031 | —.028 | =027 | ~. —.021}—.026]| —.028 | —.036 | —.048 | —. 069 | —.100
153 -.009 | —.020 | —.019| —.021 | —.02L | —.028 | —.030 | —. 034 | —.040}{ —. -.030
180 .001 | —.012 | —.011 | —.0L7| —.015 | —.022 | —.028 | —.030 [~.028 | —.018 | —.022
6.2 o} —.061 | —.060 | —.059 | —.059| —.056 | —.056 | —.050 | —.O4k |—.032 | —.018 | —. 006
90 —-,08L|—-.070|—-.071 | —.065| —.062 | —.058 | —. 062 | ~.075 | —. 0%k | =119 | —, 148
120 —.065 | —.062 | ~.063| =059 | —.056 | —.050 | —. 062 | —.069 | —.0T6 | —. -.118
180 —.025 | —.036 | ~.037| —.037]| —.035 | —.Oh6 | —.046 | —. - — —-.052
59.7 0 - 019 | —.026 | —.027| —.025 | —.023 [ ~.028 | —. 026 | —.026 | ~.020 | —.012 | —.002
90 —.043 ] ~.030 |- —025| -.021} ~.020| —.026 | —.032 | =050 | ~.O0T5 | —. 054
120 —.033}—.026!—,027| —.021 | —.021 | —.020{ —. 020 | —.032 | —. 048 | —.052 | —.0T2
158 —-017| —022 | ~.023 | ~.021 | —.OLT | —.022 | —.020 | —.022 | —. 018 | —.018 | —.030
180 -.011| —-,018 | —.019 | —.021 | —.017 | —.022 | —.022 | —.016 | —.0LO | —.002 | —.006
T3.1 o —.057] .066 | —.067|—.061|—.058| —.050 | —.063 | —.063 | ~.058 | —. 054 | —.Oltk
60 —.061| .062|-.063|—.061| —-.056]—.058] —.058 | —.06T }| —.076 | —. 08T | —.106
90 —-.079| .o70|—.0TL|—.063| —.062|—.058] —.062 | =075 }—.086| —.105 | —.130
120 —.075| .066| —.067| —.061{ —.060| —.058{ —. 058 | —.069 | —.068 | —. —-.102
180 —-.ok7| 054 | —-.055]| -.055| —.052 | —.058 | —.054 | —.056 | —.OUB | —. 06 | —.0LS
8k.3 o] —-.019| —,036 | -.035| —.o81 | —.037 | —.O46 | — 046 | —.O54 | —.054 | —.050 } —, Ok
60 —.043| =054 | —.055| —.045 | —.0bk | —.046 | —. 046 | —.056 | —.0T0 | —.085 | —.106
g0 —.067}—-.058| —-.057| —.049 | —.O86 | —. 046 | —.O46 | —. 060 | —.0T2| —. -.106
120 —065| — 054 | —.055 | —.049 | —. 086 | —. Okt | — 046 | —, 046 | —. Okt | —, 063 | —.090
93.5 120 —-.159 | =143 | —.146 | —.093} —.088] —. 061 | —. 075 | =131 | =227 | —. 17T | — 16k

b 3fa %yt

a:,x_'hl R

i’.‘a‘
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TABLE IV.— PRESSURE—COEFFICIENT DATA PRESENTED IN FIGURE 12

-FOR TEE COMPLETE FUSELAGE

NACA RM L50Blia

Angle of attack

Station Radial (deg)
(percent) angle,
: 2 -5 ) -3 4 6 8 10

5.6 0 0.169 0.214 0.276 0.311 0.352 0.395 0.437
60 .201 252 260 . 27k .286 .295 <304
90 2kl .256 .248 240 .231 217 .196
120 278 246 .222 .202 .181L .158 .128
180 .332 - .206 179 157 .138 .118
10.9 0 .101L .166 .192 .226 264 .305 345
60 .123 .166 176 .188 .199 206 .206
90 W17L .180 172 .163 .1k9 132 .106
iz20 248 220 .200 181 .163 136 .108
180 461 .363 .328 .298 .270 243 2L
22.0 o} -102 | —.064 —.O047 | —.026 0 .02k 054
60 ~.078 -.032 -~.025 —.020 —~,016 | ~.013 —.028
120 -.106 - —.087 —-.087 —.090 —.097 -.106
k7 ~.139 -.152 -.156 —-.161 —.161 -.159 —-.162
180 —.143 —.184 —.160 —.202 —.219 | —.226 —.238
34.6 (o} —. 046 —.020 —. 007 L0106 .030 .052 .076
60 -.042 | —032 | —.035 | ~03+ | —036 | —.039 | ~-.Okk
90 —. 046 —.034 —. 045 —.062 —.082 —.107 —-132
120 —-. 034 —-.026 —-.037 —-.058 —. 0Tk —.097 -.126
153 -.018 | —.0% | -.035 | —.048 | —.054 | —.063 | —.068
180 -.030 —.0k0 -.039 -.038 - 034 —.023 —. 014
k6.2 0 —.052 —.Olk ~.039 —.032 —.020 —.007 .012
90 —.086 ~.068 —. 073 —.093 - 112 -1k —.17h
120 ~.066 —.060 | =067 | —-.079 —.09% —117" | —-.132
158 o} —.016 —.025 —.03k —.036 —.033 —. 034

180 .01k .020 .00L o —.002 —.001 -
59.7 o} -.030 -.032 —.033 -.034 —.028 —.019 —-.012
90 -.038 -, 006 —.009 —~.020 —.03k —.057 -. 084
120 -.036 | —.008 -.009 -, 016 —.022 —-.031 —.040
158 —.018 —.020 -.019 ~.020 —.016 -.015 —.0L6
180 -, 010 -.020 —~.027 —.020 -.016 -.013 —.012
73.1 ) - 052 -, 046 —.0k3 —.042 -.036 —.027 —. 020
60 —.068 —-050 | —.051 -.058 ~. 066 -.079 -. 096
S0 -, 082 —.058 -.059 —. 069 ~,08% —.101 —.126
120 —. 068 - —.057 | —.065 —.062 —.079 —.084
158 —.0Lh —.014 —.019 -.026 -.018 —.031 —. 040
180 —.002 —. 006 -.013 —.012 —.008 -, 001 —. 00k
84.3 o} ~.036 — 046 —.051 -.058 —-.056 | ~.065 —. 06k
60 —.066 —.050 —.053 —.062 —.070 —.083 —.102
90 -082 | —.056 | ~.055 | —.063 | —.O7% | —.083 | —.106
120 —.082 —.058 —.063 —. 067 —~OTh ~. 079 —.086
93.5 o} —.145 —.120 —. 116 —.119 —.114 ~. 111 —.122
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TABLE V.— SUPPLEMENTARY PRESSURE~COEFFICTENT DATA FOR
THE COMPLETE FUSELAGE
Angle of attack
Station |Rediel (deg)
(percent )} angle,

g 5 |3 |3 |2 {-2 0 2 h 6 8 | 10
5.6 0 0.171}0.196{0.195| 0.213}0.211} 0.2:5] 0.275| 0.311] 0.3%9] 0.397] 0.439
60 202 .223| .223| .233| .233} .2%9] .263] .273] .283| .297| .30%
90 242y 2hgl .251| .253] .253] .257| .249] .ono| .228] .217| .198
120 .280] .267| .265] .261| .261 .o47]l .223] .202| .178] .158| .128
180 .331f .293| .293] .217] .27 .243] .208| .178] .15%{ .138| .120
10.9 0 .101| .124} .125| .137| .137] .165f .194| .228| .262| .307| .347
60 JA25) .14y L1k} .153) 153 167 .178) .188| .196| .206| .206
90 LA73f 178 .177] 181 .179{ .18Lf .17h| .162] .16 .132| .106
120 .248| .239| .239] .235| .235| .221| .202{ .180| .160] .138} .110
180 A62( .423) 421 .405| 403 .365| .329] .297| .268] .243] .214
22.0 ) —.101|—.089|—.090|=. 081 —. 080} ~.065|—, 045|—.027|-.00L] .024| .056
60 |—.077|—.055|-.056]|—,0kT|—. 048] —. 035{—.023| ~.021|—.017|~.01L5|—. 026
120 {—.105|—.099(—.100|—.095|~. 096{ —. 091 |~. 087| —. 088| —.092]—. 097|—.106
17 =137 = 1b7|—.146{—.149|—.148] —.153]-.155| —. 162]|—.162|—.159|—.164
180 |-.143(-.163|{—.162|—.169{—.168| —,183}—.187|—.203}~.221|—-.226|—.236
34.6 o —. 046} —.037|—-.038|—.031}—.032| —. 021 |—-. 005 .009} .029{ .052| .078
60 |~.0%0|—.037|—.040|~.035|—. 034 —.033|~.033| . 035]~. 037|—. 039} —. Ol
90 |—.046|-.035(—.034}~.031}—.028] ~.035|—. Ok 3| ~.062]|—, 08%|—.105|-.130
120 {—.032|~-:031|—.032|~.023}—.024|—.027|-.037]—. —.076|—.095|—.124
153 {—.016|—,031|—.03%|—.037}|—.036|—.039|—.033|~.046}—. —.063|—.066
180 {-.030|—.035}~.038|—.03T|—.038|—.041 |-.037|~.039{—.035|~.023]|-.012
k6.2 0 |—.050|-.04T{—.050(—.0kT|—. O48|—. 043 |-.037]| -. 033}~.023|-.007| .01k
90 |-.083|-.075{-.076(~.072|—.070|~.067 }—.0TL]—. 091~ .114 |~ 141 |-, 174
120 |-.063|—.039|—.060|-.059|—.058| -, 059{—. 065|~.080]—.094 [-,117|-.130
158 «002|~.003|—.004 |-, —.006] —. 019 }—. 023} —.035|-.039{—.033 |-.03%
180 .016| .006| .006| .013| .01%4| .019) .002|—.001|—. —. 001 |—.004
59.7 o} ~.030{—.031}{~—.032|—. 033]—. 03%|—-.033 [-.031{—. 035 |—.029|—. 019 |—.010
90 |—.036{—.031}|-.018}— 011]-.012|-.007|-.00T}—.021|—.037|—. 055 |-.084
120 |—.03%|—.015}{—.020 |, 015 |—.016|~.011 |—.007|—.017|-.025 |~.031 |-.0k0
158 |-.018|-.019|—,022]—.019|-.020|—.019 |-.0LT7|~.019|—. 019 |~. 015 |-.016
180 |-,010|-.015|~,018j—.019|~.018]|—.021 |-, 025|—.021|-.019]|—.011 |-.010
3.1 0 —.050|—.051]—. —. 05 j—, 048 |-, O4 T |~. O41|—. 040 }~. 037 |—. 027 [—. 018
60 |—.065|-.059|—. —.055 [—. 054 [ —. 051 |—. 049 | —. 058 | ~. 066 |—. OT9 [—. 09k
90 [—.077}—.067|—.066|—.063|~-.062|—-.059 |—.05T|—.0TO|—. 08k |—, 101 |—.12%
120 |—.065|—.059|—.062|—,059|—.058]—. 055 |—. 05T|~.066|~. 070 }-.0TT }—. 084
158 |-.016}—.017|—.018{—,015}~,018|—, OL7 |~. OLT}—. 027 |—. 027 |—. 031 |—. OO
180 lo —.003|-~.006|—.007|-.008|—.007{—. 011 |-.019{—. 012 |~. 001 | —. 004
84.3 0 —.034{—.039]—. 04O [—. O41 |—.040]| —, OLT |—. -.058|—. 050 [—.063 |—. 064
60 |~.063|—.059|—.058|—.053|—.056{—,05L |-.051|—.062|—. 062 |~.083 |-.102
90 |-.077|—.063|—.066|—.059 [—.060|=.057 |-. 053} ~. 064 |—. 066 [~.087 [—.106
120 |—.079|=.069~,070{—.063|~.06%4|—, 059 |-, 061 |—.068|—. 066 |~. 079 {—. 084
93.5 0 |-.145|-.133|-.134|-.127|-.128|—-.121 |-.115|-.120]|~. 108 |-.115{-.120
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TABLE VI.— PRESSURE-COEFFICIENT DATA PRESENTED IN FIGURES 14

NACA RM L50Blha

_AND 15 AT POSITION @ = 180° ON THE BODY OF REVOLUTION

Angle of attack
Station (deg)
(percent)
-5 o] 2 6 10
1.7 0.338 | 0.250 | 0.218 | 0.164 | 0.123
5.6 .330 L2h2 .208 .158 119
8.5 <314 224 194 Jdh2 107
11.0 .230 152 .125 .084 047
15.4 155 .086 .061 020 | —-.015
16.8 .093 .030 006 | —.029 | —.059
19.9 —.005 | —.060 | —.073 | —.101 | -.111
22,0 —-.031 | -.079 | —.093 | -.113 | —-.125
24 4 -021 | -.065 | —-.075 | -.089 | —-.099
27.3 —.013 | —.046 | —.054 | —.065 | —.065
3.7 —-001L | —-.022 | —.028 | —. 027 | —.0L7
38.7 011 | ~.006 | —.012 | —-.011 | -.005
44.8 —-.00L | —-.026 | —.03% | -.033 | —-.029
46.3 -.027 | —.046 | =046 | —.051 | —~-.047
47.5 —045 | —. —-.060 | —.065| —.065
52.5 —.037 | —.O48 | —.O4% | —.037 | —-.021
59.7 -.011 | —.022 | -, 022 | —.011 | -.003
65.0 .003 | —-.010 | —.008 .002 .005
T1.5 -.005 | =022 | —,018 | —.003 | —.003
73.2 —.049 | —.058 | —.054% | —~.047 | —.049
4.5 —-.065 | —.065 | —.058 | —.059 | —.067
79.0 - 049 | —. —-.036 | —.029 | -.039
8.1 - 047 | —-.042 | —-.032 | -.015| -.031
86.0 —-.041 | —.038 | —.028 | —. -.019
0.0 —-085 | —.069 | —.063 | -.049 | —-.059
93.5 -.156 | ~.065 | —-.089 | —-.123 | -.155
96.0 122 | - 060 | —-.073 | -132 | —-.172



TABLE VII.— SUPFLEMENTARY PRESSURE-COFFFICIERT DATA AT POBITION

$ = 180° ON THE BODY OF REVOLUTION

Angle of attack

(EEEEAVYR

Station (dog)
(percent) -— - - '
-5 =3 -3 -2 ~2 0 a b L 6 8 8 10

1.7 0.335 | 0.300 | 0.300 | 0.29% | 0.287 { 0.250 | 0.218 | 0.188 | 0.190 | 0,165 | 0,140 | 0.140| 0.120

5.6 3n | 292 | 20| 28| ort7| 2he | 208 .80 | 82| 59| 136 138 116

8.5 «315 27h 275 .266 264 .226 194 .168 167 143 124 .12k 102
11.0 23| 97| .95 86| .8 | .s0| .25 | .ok | 103 | .085 | .oeu | .o66| .oue
15 -J'l' -156 .]-23 '124 11-23 -ua -% l%l 1039 -040 c022 -Ow -002 _.018
16.8 094 065 .0b4 083 085 .030 006 | —.014 | ~,012 | —.030 | ~.O¥ | ~.04k | —.064
19.9 ~e003 | =028 | =029 | —.037 | =033 | =060 | =073 | =090 | =087 | =102 | —107 | —109; —.118
22 -0 —-.029 "'n052 — 3 —a %l —.060 e OTT -~ ®3 "‘-l% ‘_-103 —.ll?. '-1119 "“ollr{ ""0130
E-ll-.ll- ""1023 '—.Oh'a kol | 3 a 051 —-0‘{'8 s %5 s —1081" —ch3 —10% —'3095 —1095 —-102
Il ] — 11 NN — 0 — N2 — N33 — nh& —, Nl - NAN — AN — nfDh . DA — DAT - NAD
el UL —e U3y A= U3 33 w O « » Y « VOV o LA o LR o O [ » U0
4.7 00 { =02 | -0 | -017| -015 | —.022 | —.028 | —.030 | ~.030 | —.028 | —.020 | —.018 | -.022
38.7 012 | 0 .00l | 005 [ —.00L | —.006 | —.002 | —.01% | —. 00 | —.010 | —.008 | —.008 | —.0LO
4y .8 001 —-.012 | -.0L3 | —.0L7| —.0LT | —.026 | —.034 | ~.036 | —.036 | —.034 ]| ~.034 | —.032| -.032
L6.3 —025 | —036 | ~.037 | —037 | —.035 | —.046 | —. ~.050 | —.048 | —.052 | —. —.054 | ~.052
47-5 —-0&3 "'-05"" '—lw - 057 —-Os'l'f' "'.(ﬁ _-%0 ""1062 --060 ""-O% _0%7 _I%T —.%8
52.5 —.035 | 02 | ~.043 | ~ou3| —~.oho | —.ou8 | —.omy | ~o42 | — 040 | ~038 ] —032 | —032] —.026
59-7 "-02-1 -.0:-'-8 —.019 "-.09-1. "‘"’-017 "’-(:22 "'.022 "‘1018 --016 ".010 —-00’4- _-0'02 --006
65-0 UOCE '-lm!" —.005 e —-00]. "—.01.0 —um e —.Om .OCE -Olo Oo-lo .006
71-5 =-vvm5 -.018 i 013 —a(.“ﬂ "'5099 - 022 s 01-8 e Ql# -.0."..6 -—-;QQ’{- 0 0 "'=QQJ'I'
73 -2 _IMT ] _lo5‘j ] 055 — - ] -.0'58 —'.056 —.0"'8 —.046 '—.0'4-6 "".O'!'I'B
7“--5 —'.Cﬁ3 —-% _l%T ) %5 —1%2 — — - %2 '-0062 "'-060 ":.%3 "'.%l -.068
".’QaO _icq'? _-05- s ()51 s Ql!.g -a0‘-.'-6 —'.QhB —_QI.Q - Q36 _5936 ""=Q3Q -=039 -=03Q et QBQ
gl | —oh5 | -0k | 087 | —odl | —ou0 | —ou2 | —.o3u | —.028 | —.028 | —.0l6 | we022 | —.022| —.030
86.0 -039 | -.038 | ~039| ~035] —-.033 | —.036 | —.028 | —.018 | —.006 | —.004 | —008 | —.008 | —.018
90.0 ~079 | —.078 { =079 | —013 | ~012 | - —062 | - —.054 | —.048 | —0%52 | —.052| —.060
93 . 5 _-155 ""ll)+9 _'.'152 e —a - w5 ~a 089 —1125 — 125 —llﬂ — 135 -Il35 —~a 15‘*
96-0 ""-1-23 '_.uo '} ]—l3 - w]— _IO’TB s 058 —a 073 —-125 _-125 —.129 ""llh'l "'llh'l _1170
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TABLE VIII.— PRESSURE—CCEFFICIENT DATA PRESENTED IN FIGURES 16

AND 17 AT POSITION $ = 180° ON THE

TOP CANOPY

Angle of attack

Station (deg)
(percent) :
-5 0 2 . 6 8 10

1.8 0.338 0.248 0.212 0.186 0.163 0.142 0.122
5.1 .332 2hh 206 178 157 .138 118
8.5 L75 .357 .308 254 205 A8 | =eme-
10.9 461 .363 .328 297 270 243 .21k
22.0 —.143 —-.184 -.190 —-.203 -.219 —.226 —.238
34.5 -—.030 —-.0k0 —-.039 -.039 —.034 ~.023 —.01h
o 46,1 LO14 . 020 .001 -.001 -.002 —. 001 —-.006
60.0 -.010 —.020 - 027 —-.021 -,016 -.013 -.012
73.0 —.002 —. 006 -.013 -.019 -.008 -—. 001 -.004
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TABLE IX.~— SUPPLEMENTARY PRESSURE—CCEFFICIENT DATA AT

POSITION $ = 180° ON THE TOP CANOPY

BHTADST WY VOVN

Angle of attack
Station . {deg)

- (parcant)H@ 3 laglelel ol ol s Telse i
g 1.8 | 0.337 0.301{0.301} 0.283]|0.285|0.249| 0.214) 0.186 0.160| 0.142| 0.122
= 5.1 .331 .293| .293) .277] .277| .243) .208] .179| .1541 .138] .120
I\g‘ 8.5 | uee| Ju28| uos| Lsos| L3s7l .31 .25k .200] L184|--eee
_ 10.9 L4620 Jh21] Jh23) L403] L4051 (3651 .3291 L2681 .268] .243] .214
% 22,0 | -.143|-.162|-.163]-.168|-.169]-.183]|-.187] -.202]|-. 221 | -.226| -.236
34.5 | -.030|-.038|-.035}-.038|-.037[=. O41|-.037] -.038|—-.035|-.023|~.012
45.1 .016| .006| .006| .014| .013| .ou9| .o02f0 -.005|—.00L | —. 004
60.0 | —.010|—.018|~.015|-.018|~.019|~.021]-.025|-.020]|—. 019[-.011|—.0L0
73.0 |0 —.006 [—.003} . 008]~.007| ~. 007{—. 011} —. C12{—. 011 |--. 001 | —. OOk

£e
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Flgure L.~ Schematic layout of entrance cone, nozzle, and test section
of the Langley 4~ by L4-foot supersonic tunnel.
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(a) Schematic drawing of cruciform probe.

L-59751

(¢) Pitot-static probe.

Figure 2.- Calibration probes.
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Figure 3.- Variation of local Mach number with dew point
for representative upper-wall stations slong nozzle axis
of the Langley k4- by 4-foot supersonic tunnel for a stagnation
temperature of 110° F and 0.25-atmosphere stagnation pressure.
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Figure k.- Mach number distribution along center line of nozzle walls
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Horizontal flow angle, 8, degrees
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(2) Horizontal flow angle, Og, degrees.

Flgure 5.- Stream conditlione in a transverse plane locking upstresm
at station 241 in test section of M = 1.%0 nozzle of the
Langley i~ by b-foot supersonic tunnel.
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(b) Vertical flow angle, 8y, degrees.

Figure 5.- Continued.
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Flgure 5.- Concluded.
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Figure 6.- Schlieren photographs of flow on test section center line
of M= 1.4 nozzle.
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Figure T.- Varlation of Mach number and flow angle slong center line
of M =1.40 nozzle of the Langley 4- by 4-foot supersonic
tunnel.
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Figure 9.- Downetream view of the body of revolution
in the Lengley k4~ by L-foot supersonic tunnel.
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Figure 10.- Model and support ilnstallation. All dimensions are in inches.
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Pressure coefficient, P
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Figure ii.- Variation of pressure coefficient with radial location
at nine axial statlions on the body of revolution at M = 1.40.
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Figure 12.- Concluded.
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Figure 13.- Concluded.
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Figure 14.- A comparison of the theoretical.and experimental exlsl
pressure distribution at 0% engle of attack along the top surface
(@ = 180°) of the body of revolution, M = 1.kO.
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Flgure 15.- A comparison of the theoreticel and experimental asxial
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Figure 16.~- A comparison of the experimental. and estimated pressure
distribution et 0° angle of attack on the top fuselage canopy
(¢ = 180°), M =.1.ko.
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Figure 17.- The experimental pressure distribution at several angles

of attack on the top surface (@ = 180°) of the fuselage canopy,
M = 1.40. -
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